Multiplex PCR analysis for the detection of two targeting segments of genes coding major food protein allergens as peanut (Arachis hypogaea) Ara h 1 gene and hazelnut (Corylus avellana) Cor a 1 gene was developed. Two sets of primers were designed and tested to their specificity on a broad range of ingredients. The identity of amplicons (Ara h 1-180 bp, Cor a 1 -258 bp) by sequencing and alignment of sequences with sequences deposited in Genbank was confirmed. When testing the specificity of designed primer pairs on a spectrum of food ingredients, no cross reactions were detected. A potential inhibition of PCR reaction was eliminated using the universal plant primers of chloroplast gene 124 bp for the plant matrices confirmation. The intrinsic detection limit was 10 pg·ml -1 and the practical detection limit was 0.001% w/w (10 mg·kg -1
People suffering from food allergies are dependent on accurate food labelling to prevent the allergic reaction. The detection of peanut (Arachis hypogaea) Ara h 1 gene coding the main allergen protein, and hazelnut (Corylus avellana) Cor a 1 gene is very important for retail food products labelling control. Food allergies are the fourth most important public health problem according to the World Health Organization (WHO 1999) .
Allergens labelling legislation can improve the consumers' protection because the most reliable possibility of preventing an allergic reaction is strict avoidance of the consumption of the allergenic food. Several studies have shown that the allergenicity of proteins can be modifyied during technological, culinary or digestive processing. Thermal processing sometimes leads to an increase of allergenicity through the formation of neoallergens. Neoallergens appear during the heating or storing of foods and may be important in some anaphylactic reactions (Malanin et al. 1995) . On the other hand, some studies have demonstrated reduction of allergenicity as the succesfull decrease of IgE-binding capacity in pistachio nuts using steam-roast processing (Noorbakhsh et al. 2010) . Many plant allergens have been found to be consistently more resistant to digestion by pepsin than other proteins (Koppelmann et al. 2005) .
Currently there are several different techniques for the detection of food allergens (Poms et al. 2004) , such as enzyme linked immunosorbent assays -ELISA (Holzhauser et al. 2002; Doi et al. 2008 ), biosensor immunoassays (Yman et al. 2006 Bettazi et al. 2008) , random amplified polymorphic DNA technique -RAPD (Galderisi et al. 1999) , conventional polzmerase chain reaction -PCR (Hubalkova and Rencova 2011) , realtime PCR methods (Arlorio et al. 2007; Mafra et al. 2008; D'Andrea et al. 2009; Köppel et al. 2010) or liquid chromatography/tandem mass spectrometry -LC/MS/MS methods (Schefcheck and Musser 2004) .
The purpose of this study was to develop a multiplex PCR method for the detection of two major food allergens (peanut and hazelnut) via targeting segments of genes as protein markers at one time in food products. Although the method is not quantitative, it can serve as a quick screening method to check the presence of allergens based on their declaration in food products. The method was verified by monitoring residues of these allergens in declared or undeclared food products on the retail market.
Materials and Methods
Samples of nuts and processed food products as well as other food commodities used for the primer specificity testing were obtained from different distributors on the Czech market. In total 9 samples with peanut declaration (two various cultivar samples from Georgia and Turkey) and 30 samples with hazelnut (three various cultivar samples from Argentina, Brazil, and India) declaration were purchased. For verification of the method, 18 samples without nut declaration or labelled "may contain nuts" or "produced in a factory, where nuts are processed" and 3 samples with declaration "contains nuts" were investigated. Furthemore, 30 samples of different food ingredients that could be a component of food products were tested for the potential cross-reactivities.
Before DNA extraction food matrices were homogenized using blender avoiding any cross contamination. Subsequently, DNA was isolated with commercial Plant Mini kit (Qiagen, Hilden, Germany) in agreement with the manufacturer's instructions.
For the detection of two nut allergens, two sets of primers amplifying partial sequences of encoding genes were designed. The main peanut allergen Ara h 1 is encoded by Ara h 1 gene (GenBank accession number AF432231), and the major hazelnut allergen Cor a 1 is encoded by Cor a 1 gene (GenBank accession number Z72440). The primers were designed using program Primer3 (Anonymous 2013) or the simplification multiplex PCR system was constructed. For these purposes Multiplex PCR kit (Qiagen, Hilden, Germany) was used. The reaction mix contained 25 μl of 2 × Qiagen Multiplex PCR Master Mix, 5 μl of primer mix (three primer pairsfor the amplification of Ara h 1, Cor a 1 and chloroplast gene), 15 μl RNase-free water and 5 μl of DNA template. The total volume of the reaction mix was 50 μl. The primer mix was prepared according to the instructions recommended in the handbook, so that each primer was of 2 μM concentration. Ten μl of each defined DNAs peanut or hazelnut (10 ng·μl -1 were mixed in 70 μl of AE buffer and 5 μl of this DNA mix served as the PCR positive control. Distilled water instead of DNA served as negative control. The PCR program was modified according to the experimental studies. Finally, it consisted of the initial denaturation step (95 °C, 15 min), 35 cycles composed of the denaturation step (94 °C, 30 s), annealing (65 °C, 90 s) and extension (72 °C, 90 s), and the final extension step (72 °C, 10 min).
Separation and visualization of PCR products was carried out using horizontal electrophoresis in 2.5% agarose gel on a 1 X TBE containing 0.1 μl·ml -1 GelGreen stain. A 50 bp ladder (Qiagen, Hilden, Germany) was used as a marker. The amplification fragments were analyzed under UV light using an ultraviolet transluminator (Spectroline, Westbury, New York).
The sensitivity (practical limit of detection) of the method was tested on a model mixtures composed of 0.0001, 0.001, 0.01, 0.1, and 1 g (%) peanut/hazelnut content in 100 g (%) of neutral matrix, wheat flour (Figs. 1a and 1b) . The practical detection limit was 0.001% w/w (10 mg·kg -1 ) both for peanuts and and for hazelnuts. This process was repeated × 4 and the homogeneity of spikes was guaranteed using a special blender (Retch, Germany). The intrinsic detection limit was obtained by dilution of DNA isolated of peanuts and hazelnuts and is 10 pg·ml -1 (data not shown). The potential cross reactions were tested on a broad range of ingredients, that could be components of investigated food products. The list of 30 ingredients tested was following: peanuts/hazelnuts, walnuts, Brazil nuts, cashew nuts, pistachios, wheat, barley, rye, oat, sunflower seeds, cucurbit, sesame seeds, lentils, peas, beans, maize, rice, potato starch, apples, pineapples, strawberries, kiwi, plums, apricots, peaches, cherries, sour cherries, raisins, apricots kernels, and almonds. No cross reactions occurred.
To check the efficiency of DNA isolation, universal plant primers of chloroplast gene (Acc. No. AF076774) for plant DNA amplification were added to the multiplex PCR reaction (Taberlet et al. 1991) .
The authenticity of two plant allergens was confirmed via the sequencing of corresponding marker sequences of Ara h 1 and Cor a 1 genes and the alignment of obtained sequencing with the sequences deposited in GenBank. The PCR products were purified using the PCR Purification Kit (Qiagen, Hilden, Germany) and sent to a commercial facility for sequencing (MWG Biotech, Ebersberg, Germany).
Results
In this study polymerase chain reactions were designed for the amplification of partial sequences of Ara h 1 (peanuts) gene (180 bp) and Cor a 1 (hazelnuts) gene (258 bp) which is demonstrated in Fig. 2 . The identity of amplicons was confirmed by sequencing and alignment of sequences with sequences deposited in Genbank. While testing the specificity of designed primer pairs on a spectrum of food ingredients, no cross reactions were detected. A multiplex PCR for the simultaneous detection of two main allergens was constructed with the sensitivity of 0.001% w/w (10 mg·kg -1 ) for both peanuts and hazelnuts. A potential inhibition of PCR reaction was eliminated using the universal plant primers (Taberlet et al. 1991) (Table 1) .
This multiplex PCR method was applied to the analysis of 60 commercial food products declared as "with nuts, peanuts, hazelnuts or without nuts". In all samples with peanut declaration, peanut DNA was detected. In samples with hazelnut declaration, hazelnut Gaufre with cocoa filling -a --+ Table 2 . The investigation of food products and heat-processed cookies with declared or undeclared peanut and hazelnut content.
DNA was detected, although in some samples with the labelling of hazelnut aroma content (samples 15, 17, 18, 21, 22 , and 27) the DNA was not detected. The aroma is probably added as an artificial nut flavour during food processing. Plant DNA was amplified in all analyzed samples (124 bp amplicon), thereby the potential inhibition of PCR or possible errors in pippeting or in DNA isolation could be excluded. In samples 25 and 26 with hazelnut declaration only, the presence of peanut was detected (Table 2) . Indeed, these food products present a notice on their package that they were produced in nut-processing factories. In samples with undeclared nut content, no peanuts or hazelnuts were identified. In three samples with "contains nuts" labelling, peanuts were detected in sample 59 only. Köppel et al. (2010) present two tetraplex real-time PCR for the detection and quantification of DNA from eight allergens in food where peanuts, hazelnuts are also included with the sensitivity of 0.01%. The sensitivity of reported SYBR-Green I real-time PCR to detect hazelnut (Corylus avellana) in foods through calibration via plasmid standard was 0.001% using model samples based on Cor a 8 gene as a marker (D'Andrea et al. 2009 ). Shefcheck and Musser (2004) used LC/MS/MS for the determination of specific Ara h 1 peptides at a level of 0.001%. Wang et al. (2011) report a novel method for the rapid identification of eight food allergens through the use of a silicon-based optical thin-film bisensor chips with the practical detection limit of 0.001%. Bergerova et al. (2011) and Costa et al. (2012) hypogaea and 50 mg·kg -1 of hazelnut in wheat material with the intrinsic LOD of 0.5 pg of hazelnut DNA. López-Calleja et al. (2013) developed a real-time PCR for detection of trace amounts of peanut in processed food with detection levels of 10 and 0.1 ppm. And again Costa et al. (2014) assessed hazelnut allergens detection using three approches as ELISA, LC-MS/MS and real-time PCR with similar sensitivity levels of approximately 1 mg·kg -1 and limits of quantification of 50-100 mg·kg -1 in all performed methods. Regarding the sensitivity which is very important in case of food allergens detection where 5% of the allergic population is likely to respond with objective reaction to the minimal allergenic protein dose of 1.6 mg for peanut and 0.9 mg for hazelnut but thresholds for any symptom can be × 2-6 lower (Blom et al. 2013 ), our method is in conformity with the majority of discussed studies, and can serve as a helpful tool for the confirmation of the presence of peanut and hazelnut allergens in a food product.
Discussion
The primer pair generating a 124 bp amplified fragment in Corythophora alta, prevents the detection of false negative results caused by PCR inhibitors.
The advantage of the method is the detection of two plant allergens in one step and at onetime reaction. This multiplex PCR method is inexpensive, specific, and sensitive enough and can be used as a simple, one day procedure for the checking of undeclared peanut and hazelnut major allergens in retail food products with satisfactory sensitivity, and expensive laboratory equipment is not required for routine every-day screening control.
